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(57)Abstract 

PROBLEM TO BE SOLVED: To prevent wafers from slipping in heat-treating 
thereof by placing the wafers on warp-adaptive slopes of wafer mounting 
parts. 

SOLUTION: Posts 11-14 are connected by wafer mounting parts disposed at 
the same height as the posts to mount wafers 21. Slopes at an angle a 
corresponding to the warp of the wafers 21 are formed on wafer mounting 
faces 11a, 14a of grooves of a boat The wafers are mounted on the slopes 
and heat- treated. A wafer mounting table has a radius of curvature of 
0.5mm or more and the wafer 21 is mounted on this curve face. Thus, it is 
possible to reduce the slip due to the warp of the wafer and the boat groove. 
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(54) HEAT-TREATING BOAT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent wafers from slipping in 
heat-treating thereof by placing the wafers on warp-adaptive 
slopes of wafer mounting parts. 

SOLUTION: Posts 11-14 are connected by wafer mounting 
parts disposed at the same height as the posts to mount wafers 
21. Slopes at an angle a corresponding to the warp of the 
wafers 21 are formed on wafer mounting faces 1 1 a, 14a of 
grooves of a boat. The wafers are mounted on the slopes and 
heat- treated. A wafer mounting table has a radius of curvature 
of 0.5mm or more and the wafer 21 is mounted on this curve 
face. Thus, it is possible to reduce the slip due to the warp of 
the wafer and the boat groove. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the boat for heat treatment characterized by what it is a boat for heat treatment equipped with 
the connection section which connects stanchions, such as this, with two or more stanchions, and two or 
more wafer installation sections which are arranged in the height location where each strut is the same, and 
lay a wafer, and each wafer installation section has an inclined plane corresponding to bending of said 
wafer, and said wafer is laid for on this inclined plane. 

[Claim 2] It is the boat for heat treatment characterized by what it is a boat for heat treatment equipped with 
the connection section which connects stanchions, such as this, with two or more stanchions, and two or 
more wafer installation sections which are arranged in the height location where each strut is the same, and 
lay a wafer, and each wafer installation section has the curved surface which has predetermined curvature, 
and said wafer is laid for on this curved surface. 

[Claim 3] It is the boat for heat treatment which lays a wafer horizontally and which is characterized by 
annular or the thing for which it is the boat for heat treatment which holds one or more radii-like wafer 
installation bases in the vertical direction, and said wafer installation base has an inclined plane 
corresponding to bending of said wafer, and said wafer is laid on this inclined plane. 
[Claim 4] It is the boat for heat treatment which lays a wafer horizontally and which is characterized by 
annular or the thing for which it is the boat for heat treatment which holds one or more radii-like wafer 
installation bases in the vertical direction, and said wafer installation base has the curved surface which has 
predetermined curvature, and said wafer is laid on this curved surface. 

[Claim 5] alpha is a boat for heat treatment according to claim 1 or 3 characterized by what is defined with 
the relation of cosalpha+(d/R) alpha=l from the amount d of bending according the radius of a wafer to R 
and its self-weight whenever [ tilt-angle / of the inclined plane of said wafer installation section or said 
wafer installation base ]. 

[Claim 6] Said predetermined curvature is a boat for heat treatment according to claim 2 or 4 characterized 
by what radius of curvature is 0.5mm or more. 

[Claim 7] Said wafer installation base is a boat for heat treatment according to claim 3 to 6 characterized by 
what it has the enclosure wall which goes around the rim of said wafer for. 

[Claim 8] Said wafer installation base is a boat for heat treatment according to claim 3 to 7 characterized by 
what it has for the larger outer diameter to which turbulence of the gas stream produced in an installation 
base periphery in the case of heat treatment was set to be located in the outside of said wafer than said 
wafer. 

[Claim 9] The boat for heat treatment according to claim 7 or 8 characterized by what the clearance between 
wafer installation bases which adjoins up and down is set up narrowly, and a surroundings lump of the gas 
stream to a wafer is controlled for. 

[Claim 10] The boat for heat treatment according to claim 3 to 8 characterized by what is formed possible 
[ division of said wafer installation base ]. 

[Claim 1 1] It is the boat for heat treatment characterized by what it is the boat for heat treatment which 
holds two or more annular wafer installation bases in which a wafer is laid horizontally in the vertical 
direction, and said wafer installation base has the enclosure wall which goes around the rim of said wafer 
for. 

[Claim 12] The process in_which the amount d of bending by that self-weight is calculated about the wafer 
of a radius R, and cosalpha+(d/R) alpha=l The heat treatment approach of the wafer which includes from 
relation the process in_which it asks for alpha whenever [ tilt- angle ], the process which chooses the boat 
which receives horizontally and has the wafer installation side of the inclination of whenever [ tilt- angle / 
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alpha ], or this near value, and the process which heat-treats by laying a wafer in the selected boat. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the boat especially used for a vertical mold 

diffusion furnace (thermal treatment equipment) about the boat which lays two or more wafers. 

[0002] 

[Description of the Prior Art] It is placed between manufactures of a semiconductor device by many 
processes. A heat treatment process is in one of them. A heat treatment process is an important process used 
for formation of the defect-free layer to a surface, gettering, crystallization, oxide-film formation, impurity 
diffusion, etc. The diffusion furnace of the vertical mold heat-treated where the laminating of the wafer is 
carried out horizontally is mainly used for the furnace used by this heat treatment process, for example, the 
diffusion furnace used for oxidation or impurity diffusion, (oxidation and dispersion equipment) with 
current and diameter[ of macrostomia ]-izing of a wafer (silicon substrate). A boat is used in order to carry 
in or take out many wafers in this vertical mold diffusion furnace. 

[0003] Drawing 18 is drawing which explains roughly a vertical mold diffusion furnace (heat treating 
furnace), and the wafer 21 laid in the boat 4 carried in to the interior of the reaction chamber 2 of a heat 
treating furnace 1 is heated at the heater 3 formed in the perimeter of a reaction chamber 2. Gas 40 is 
introduced into a reaction chamber 2 through the gas installation tubing 5, and it is discharged outside from 
the flueing tubing 6. 

[0004] Drawing 19 shows the example of a configuration of a boat 4, and the support columns 1 1-14 are 
combined by the connection member 15. The slots 1 1c- 14c as the wafer installation section are formed in 
the same height as each support column, and two or more wafers are laid by much Mizouchi, such as this. 
[0005] Drawin g 14 shows other examples of a boat. In this drawing, the same sign is given to the 
corresponding part with drawing 19 . This drawing (A) is a sectional view of the boat [ in / in the top view 
of a boat 4, and this drawing (B) / the direction of a-b of drawing 14 ] 4. A wafer is laid horizontally in two 
or more transverse groove 11c- 14c which becomes the same flat-surface top of the boat stanchions 11-14, 
and is held by the slot. A majority of such slots are established in the stanchion of a boat, and many wafers 
are laid in Mizouchi. The boat is usually manufactured with ingredients, such as a quartz (Si02) and 
carbonization silicon (SiC). 
[0006] 

[Problem(s) to be Solved by the Invention] When laying a wafer in the conventional boat, a wafer is placed 
by Mizouchi of the stanchions 1 1-14 of a boat, and is held. This slot is formed in the right angle to the 
extension direction of the stanchion of a boat. 

[0007] By the way, a heat treatment process like diffusion is performed at an elevated temperature 800 
degrees C or more. Temperature distribution occur in a wafer in this process. Stress arises according to these 
temperature distribution, and if a fixed critical value with this stress is exceeded, the slip (rearrangement) 
which is a crystal defect will be generated. Since the critical value of rearrangement generating will become 
small rapidly if it becomes an elevated temperature, it becomes a problem also by small temperature 
distribution. Moreover, when the same thermal stress is added, a slip becomes easy to generate an elevated 
temperature. 

[0008] When carrying out the laminating of the wafer to the slot on the boat horizontally, a wafer is held by 
several points (usually four points) of a wafer periphery. Here, when a wafer is held horizontally, the 
bending which becomes depressed caudad arises with the self-weight of a wafer. Consequently, as shown in 
drawing 15 , a wafer will contact at angles 1 lb- 14b and the point of a wafer installation slot of a boat. 
[0009] Since stress is force of acting on an unit area, when point contact is carried out, compared with the 
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case where it contacts in a field, the stress which joins a wafer from a boat becomes large. For this reason, a 
slip of the crystal face is generated with the contact stress of a boat slot at the time of heat treatment. Since 
the amount of bending is proportional to four articles of a radius, if that from which it was bent by the wafer 
of conventional ISOmmphi, and the amount was small and did not become especially a problem becomes 
200mmphi wafer, the amount of bending will become large and a slip will be generated notably. If a 
component is formed in this slip generating part, it will become causes, such as junction leak. 
[0010] Drawing 17 is for explaining other faults, and this drawing (A) is a top view showing the condition 
of laying the wafer 21 in the slot of the boat stanchions 11-14. Moreover, this drawing (B) is a sectional 
view in the direction of a-b-c of drawing (A). 

[001 1] Usually, heat treatment of a wafer goes caudad from the upper part in a heat treating furnace, for 
example, performs gas 40 with a sink. Although the gas to be used changes with purposes of heat treatment, 
H2, N2, 02, etc. are mainly used (in the case of oxide-film formation). In the case of impurity diffusion, gas, 
such as this, is used also as carrier gas of impurity compound gas. Since heat treatment sets two or more 
wafers to the slot of the support column of a boat and performs them, the surroundings lump condition of 
gas 40 differs in the part near the support column of a wafer, and other parts. Moreover, the diffusion 
conditions of an impurity differ in the part which the convection current of the gas 40 which turned between 
wafers arose, and has produced the convection current, and the part which is not so. Moreover, turbulence 
40a of the gas stream of the perimeter of a wafer makes a wafer produce temperature distribution, and 
becomes the cause which a slip and OSF (surface area layer defect) produce. 

[0012] Therefore, in case this invention holds a wafer to the thermal treatment equipment of a vertical mold, 
it aims at offering a boat for heat treatment which a boat slot eases the contact stress given to a wafer, and a 
slip does not produce at the time of heat treatment. 

[0013] Moreover, this invention controls a surroundings lump of gas to between the wafers located in the 
boat, and sets it as other purposes to decrease the slip in the wafer circumference, and generating of OSF. 
[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, each wafer installation 
section has an inclined plane corresponding to bending of a wafer, and is characterized by what a wafer is 
laid for on this inclined plane in the boat for heat treatment equipped with the connection section in which 
the boat for heat treatment of this invention connects stanchions, such as this, with two or more stanchions, 
and two or more wafer installation sections which are arranged in the height location where each strut is the 
same, and lay a wafer. 

[0015] Moreover, each wafer installation section has the curved surface which has predetermined curvature, 
and is characterized by what said wafer is laid for on this curved surface. 

[0016] In the boat for heat treatment which holds one or more radii-like wafer installation bases in the 
vertical direction, a wafer installation base has annular or an inclined plane corresponding to bending of a 
wafer, and the boat for heat treatment of this invention is characterized by the thing which lays a wafer 
horizontally and for which a wafer is laid on this inclined plane. 

[0017] Moreover, each wafer installation base has the curved surface which has predetermined curvature, 
and is characterized by what said wafer is laid for on this curved surface. 

[0018] Furthermore, in the boat for heat treatment which holds one or more annular wafer installation bases 

in which the boat for heat treatment of this invention lays a wafer horizontally in the vertical direction, a 

wafer installation base has the enclosure wall which goes around the rim of a wafer. 

[0019] The process in which the heat treatment approach of the wafer of this invention calculates the 

amount d of bending by the self- weight about the wafer of a radius R, cosalpha+(d/R) alpha=l From 

relation, the process in which it asks for alpha whenever [ tilt- angle ], the process which chooses the boat 

which receives horizontally and has the wafer installation side of the inclination of whenever [ tilt-angle / 

alpha ], or this near value, and the process which heat-treats by laying a wafer in the selected boat are 

included. 

[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 shows an example of the gestalt of operation of this invention. In this 
example, since the flat-surface configuration of a boat is the same as that of the conventional example, the 
sectional view of the boat by which the description appears is shown. In this drawing, the same sign is given 
to the corresponding part with drawing 14 (B). 

[0021] From the amount d of bending based on [ when holding the wafer of a radius R on a boat, in order to 
ease the contact stress of the boat slot accompanying the bending d by the self- weight of a wafer 21 and to 
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prevent rearrangement generating by slip of the crystal face at the time of heat treatment in this invention ] 
wafers to cosalpha+(d/R) alpha=l ~ (1) 

It asks for the include angle alpha obtained by ******, the wafer installation sides 11a, — , 14a of a boat slot 
receive horizontally, and a heat (processing) process is performed using the boat by which only the include 
angle alpha leans. 

[0022] Derivation of the above-mentioned formula (1) is explained with reference to drawing 2 . In this 
drawing, the wafer should be laid in the boat and shall have bent in the shape of radii. Arc ABC expresses 
bending (cross section) of a wafer. For O, the core of radii and r are [ the radius of a wafer and D of the 
radius of curvature of radii and R ] the intersections of Segments AC and alumnus. Segment DB bends and 
it is equivalent to d. alpha is an include angle which tangent AA' (it is equivalent to an installation side) and 
Segment AD (it corresponds horizontally) make. 

[0023] since it is include-angle ODA(= include-angle OAA 1 ) =90 degree in a triangle OAD — include-angle 
AOD=alpha and AB=r-alpha=R it is — since — r=R/alpha - (2) again -- BO=BD+DO=r d+rcos alpha=r it is 
— since — cos alpha+d/r =1 — (3) (3) It is (2) to a formula. When a formula is substituted, it is cos alpha+d- 
alpha/R =1 . It becomes and (1) type showing the relation to the condition of having bent the wafer is drawn. 
In this (1) type, since radius of curvature is a constant, an include angle alpha is called for by measuring the 
amount d of bending. An include angle alpha or by choosing a somewhat larger thing than it so that it may 
mention later, as for a wafer, the inclination of the field in which a wafer is laid is supported by field contact 
by the boat. 

[0024] The example of this invention is explained. First, 200mmphi of field bearing (100) raised by the so- 
called CZ process as a wafer and the mirror plane wafer of 725 micrometer[ in thickness ] ** were used. 
Since it is 0.09mm when the amount d of bending based on [ when laying the wafer 21 of 200mmphi in a 
boat ] wafers is calculated in this heat treatment, the slot on the boat is the include angle alpha of an 
installation side and a horizontal cosalpha+(d/R) alpha=l The thing for which it asked and which was leaned 
0.10 degrees was used. 

[0025] The wafer was laid in this boat and it introduced into the heat treating furnace of a vertical mold at 
800 degrees C. Then, the temperature up was carried out to 1200 degrees C in the hydrogen (H2) ambient 
atmosphere, and heat treatment was performed at 1200 degrees C for 1 hour. The temperature was lowered 
to 800 degrees C after that, and it took out from the heat treating furnace. 

[0026] It laid in the conventional boat which shows CZ substrate (wafer) of the same 200mmphi as an 
example to drawing 14 as a sample of the conventional example, and heat-treated on the same conditions as 
an example. The include angle at which Mizouchi's wafer installation side makes the conventional boat 
horizontally is 0 times. An example and the conventional example of the quality of the material of a boat are 
the same at a quartz. 

[0027] The slip which produced to the wafer the wafer which went heat treatment using the boat of the 
conventional example and the boat of an example by the X-ray Lang method (Moka (220) reflection) was 
evaluated. This is shown in drawing 16 . In this drawing, 11-14 show the location where the stanchions 11- 
14 of a boat existed. 

[0028] When the conventional boat is used, slip 21a has arisen from the contact section (two places) of a 
boat about 0-5cm. the inclination of slip generating — a few of the wafer circumference — the origin of slip 
generating is seen at the place of the inside. This origin supports the contact parts lib and 14b of a wafer 
and the slot of a boat. Usually, since the slip generated with thermal stress at the time of heat treatment is 
generated with the periphery (edge) of a wafer as the starting point, it turns out that contact stress with a 
boat was added and the slip arose. 

[0029] On the other hand, when the boat concerning this invention was used, generating of a slip to a wafer 
was not able to be seen. 

[0030] Thus, the inclined plane of the include angle corresponding to the amount of bending of a wafer is 
formed in the wafer installation side of the slot on the boat. Although it becomes a wafer and point contact 
during heat treatment, stress concentrates on one point and a slip is generated with the conventional 
technique, one-point concentration of stress is avoidable by considering as field contact in this invention. 
[0031] Next, the 2nd example is explained. In this example, the same wafer as the above-mentioned 
example was used, and 1200 degrees C and the same conditions of 1 hour were heat-treated using the boat 
which leaned alpha to 2 times whenever [ tilt-angle / of the installation side of a boat ]. this wafer — X-ray 
Lang — law estimated similarly. Consequently, generating of a slip was not seen like the 1st example. 
[0032] By setting alpha as the include angle more than the include angle according to the amount of bending 
of a wafer whenever [ tilt-angle / of the installation side of a boat slot ], since it was avoided that the edge of 
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a slot carries out point contact to a wafer, this is considered. Usually, a wafer will contact the installation 
side of a slot in the bevel section whose cross-section configuration is circular (semicircle). For this reason, 
it compares with the conventional boat, a touch area increases, contact stress decreases, and generating of a 
slip is prevented. 

[0033] Thus, practically, although it is desirable to set the inclination of the wafer installation side of the slot 
on the boat as the include angle alpha corresponding to the amount d of bending of a wafer, if it is a larger 
include angle than an include angle alpha, the effectiveness of slip generating prevention will be acquired in 
the inclination of a wafer installation side. 

[0034] The gestalt of the 2nd operation is shown in drawing 3 . In this drawing, the same sign is given to the 
corresponding part with drawing 17 . With the gestalt of this operation, a wafer is laid in the annular 
susceptor (base) surrounding the edge of a wafer, and it puts on a boat. The top view in the condition that 
drawing 3 R> 3 (A) put the wafer on the boat, and this drawing (B) are sectional views in the direction of a- 
b-c of this drawing (A). 

[0035] A wafer 21 is laid on installation side 31a which inclined inside the susceptor 31. Whenever [ tilt- 
angle / of installation side 31a], alpha is defined based on the formula (1) mentioned above, and 
demonstrates the effectiveness which controls generating of the slip by stress like the example mentioned 
above. 

[0036] The whole is formed annul arly, an installation side has a cross- section configuration in the direction 
of a path in inner circumference side 31b further, and the susceptor 31 serves as the shape of an "L" 
character which turns to the inside from which a periphery side is set to wall 3 1 c. In this example, wall 3 1 c 
of a susceptor is formed so that it may become a location higher than the top face of the wafer 21 which that 
upper limit side laid, and it is formed so that it may go around the rim of a wafer 21. In addition, a cross- 
section configuration may not be limited in the shape of an "L" character, and may be a "Reverse T" 
character-like. Spacing between each susceptor 3 1 which laid the wafer 21 is narrowly set up compared with 
the case of the conventional boat installation. 

[0037] By using the susceptor of such structure, the convection current resulting from a surroundings lump 
of gas and a surroundings lump is controlled. It is convenient when heat-treating without making a wafer 
react especially. 

[0038] Drawing 4 shows the gestalt of the 3rd operation. In this drawing, the same sign is given to the 
corresponding part with drawing 17 . Although the gestalt of this operation also lays a wafer in an annular 
susceptor (base) and puts it on a boat, a susceptor outer diameter is larger than the outer diameter of a wafer. 
The top view in the condition that drawing 4 (A) put the wafer on the boat, and this drawing (B) are 
sectional views in the direction of a-b-c of this drawing (A). 

[0039] A wafer 21 is laid on installation side 31a which inclined inside the susceptor 31. Whenever [ tilt- 
angle / of installation side 31a], alpha is defined based on the formula (1) mentioned above, and 
demonstrates the effectiveness which controls generating of the slip by stress like the example mentioned 
above. 

[0040] In this example, as mentioned above, the path of a susceptor 3 1 is formed more greatly enough than 
the path of a wafer 21. For this reason, the effect by surroundings lump 40a of the gas which may be 
produced in the periphery side of a susceptor 3 1 , and the convection current resulting from a surroundings 
lump does not attain to a wafer 21. 

[0041] How to lay a wafer in a boat using the susceptor mentioned above is explained with reference to 
drawing 5 . Here, two examples are explained. In the 1st example, as shown in drawing 5 (A), a wafer 21 is 
laid in the annular susceptor 3 1 . Then, two or more slots and holes (not shown) which were established in 
each of the stanchions 1 1-14 of a boat at constant pitch are used, and a susceptor 31 is fitted in or engaged 
with the slot concerned etc. Thereby, as shown in drawing 5 (C), a wafer 21 is laid in a boat through a 
susceptor 3 1 . Similarly, two or more wafers are laid in a boat. 

[0042] As shown in drawing 5 (B), a boat and a susceptor consist of the 2nd example in one. And a 
susceptor 31 is formed in body side 31 A and piece of division 3 IB disengageable. In this case, piece of 
division 3 IB is removed and a wafer 21 is laid in susceptor 3 1 A by the side of a body. Then, it fits into the 
hole (not shown) formed in susceptor 31 A, and insertion pin 31c of piece of division 3 IB is closed. 
Thereby, as shown in drawing 5 (C), a wafer 21 is laid in a boat through a susceptor 3 1 . Similarly, two or 
more wafers are laid in a boat through a susceptor. 

[0043] Next, the experimental result at the time of using the susceptor which has an inclined plane is 
explained. 6.3mm and the diameter of a wafer used the 200mm thing, and the slot pitch of a boat compared 
the boat the conventional boat, drawing 3 , and given in drawing 4 . 100 wafers can be laid in each boat. 
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[0044] The dimension of a susceptor shown in drawing 3 makes 0. 1 degrees the tilt angle alpha of 2.3mm of 
clearances between adjoining susceptors, and the installation side according to bending of a wafer the 
diameter of 206mm, and height of 4mm. The susceptor shown in drawing 4 made 0. 1 degrees the diameter 
of 220mm, height of 2mm, and the tilt angle alpha. It laid 100 mirror plane wafers of field bearing (100), P 
type, rho= 4-6ohms of resistance cm, and oxygen density (Oi) =12.5 - 13.5x1017 atom / cm at a time in 
three kinds of boats containing a conventional type. 

[0045] The boat was put into the vertical mold diffusion furnace, and it heat-treated in the hydrogen ambient 
atmosphere. The flow rate of hydrogen gas was carried in to the furnace at 10 1/min and 800 degrees C, and 
after permuting by hydrogen gas, 1000 degrees C carried out by 15 degrees C / min, and, as for it, it carried 
out the temperature up of the 1200 degrees C by 3 degrees C / min. The wafer was taken out, after 1000 
degrees 1 C having lowered the temperature by 3 degrees C / min, and 800 degrees 1 C having lowered the 
temperature by 1 5 degrees C / min as well as [ after performing heat treatment at 1200 degrees C for 1 
hour ] the time of a temperature up and permuting the gas in a furnace by nitrogen gas. the wafer after 
annealing — every 20 sheets from each boat — sampling — ten sheets — X-ray Lang — law estimated the slip. 
About the ten remaining sheets, in the oxygen ambient atmosphere, after performing at 780 degrees C and 
performing annealing of 1 0 hours at 1 000 degrees C for 3 hours, it etched for 1 minute with light (Wright) 
liquid, and OSF (surface area layer defect) was observed. 

[0046] Consequently, in heat treatment of the wafer using the conventional boat, as shown in drawing 13 
(A), 30mm [ a maximum of] slip 21a occurred from the part to which the rod of a boat contacted the wafer 
21. Moreover, it is 2 the 5x103 maximum consistencies/cm to the place of 3 -5mm of peripheries. OSF21b 
occurred in band-like. 

[0047] On the other hand, in heat treatment of the wafer using the susceptor shown in drawing 3 and 4, as 
shown in drawing 13 (B), a slip and OSF were not generated. A wafer carries out field contact in the 
inclined plane in consideration of bending of the wafer of a susceptor, and since the self-weight of a wafer 
distributed and internal stress decreased, this is considered that the slip was controlled. Moreover, a 
surroundings lump of gas is controlled, contamination by the impurity in hydrogen gas is avoided, and it is 
thought that OSF did not occur. Furthermore, IC was manufactured to the wafer which performed such heat 
treatment. The inclination was not looked at such by what used the boat of this application for what heat- 
treated the wafer using the conventional boat although it occurred frequently in the defect for the chip of the 
periphery section. 

[0048] Thus, it becomes possible to control generating of a slip by making into an inclined plane the field in 
which a wafer is laid in consideration of bending by the self- weight of a wafer, and laying a wafer by field 
contact (maintenance). Furthermore, it becomes possible to control generating of a slip and generating of 
OSF to coincidence by making it turbulence of a gas stream not arise near the front face of a wafer using the 
susceptor in consideration of the gas stream in a fUrnace. 

[0049] In addition, with the gestalt of operation, although the susceptor was made annular, when setting 
control of slip generating by bending of a wafer as the main purpose, a susceptor can be made circular. 
[0050] Next, the gestalt of the 4th operation is explained with reference to drawing 6 - Fig. 1212 . First, in 
order to realize control of the rearrangement generated to 200mmphi wafer with internal stress from the 
corner (edge) parts 1 lb- 14b of the boat installation section, when the parts 1 lc-14c which lay a wafer were 
assumed to be the spherical surfaces, the relation between a ball radius and the decomposition shearing force 
which acts on a wafer was investigated. This result is shown in the graph of drawing 6 . 
[0051] In this drawing, the plot of a white round head shows the case of 150mmphi wafer, and the plot of a 
black dot shows the case of 200mmphi wafer. This showed that decomposition shearing stress values were 
60MPa(s), when the ball radius was made into 0.6mm near. And when a ball radius is 0.6mm or less, since 
shearing stress increases greatly, it is presumed that a rearrangement arises to a wafer. Since shearing stress 
is eased when a ball radius is 0.6mm or more, it is presumed that a rearrangement decreases. 
[0052] Then, what made the corner parts 1 lb- 14b in contact with the wafer of the installation slot of the 
wafer of a boat various radius of curvatures was created. This is shown in drawing 7 and drawing 8 . In both 
drawings, the same sign is given to drawing 15 and a corresponding part, and explanation of this part is 
omitted. The wafer of 200mmphi was laid and the vertical mold heat treating furnace mentioned above 
performed predetermined heat treatment on boats, such as this, at the wafer. The generating condition of the 
rearrangement of the heat-treated wafer was observed by X-ray topography. The result is shown in drawing 
10 . In this drawing, the axis of abscissa expresses the die length of the rearrangement (slip) from which the 
axis of ordinate produced the radius of curvature of a comer. When the curvature of the corner section of a 
field which lays a wafer was set to 0.6mm or more and the boat was formed, it was checked that generating 
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of a slip (rearrangement) is controlled. Moreover, in the conventional boat, although the slip with which the 
slip generated from the rear- face side of a wafer results in the front- face side of a wafer was also able to be 
seen, when curvature was set to 0.6mm or more, even if the slip was generated in the rear- face side of a 
wafer, what results even in a front-face side was lost. 

[0053] In addition, only in the direction of a cross section shown in drawing 7 and drawing 8 (A), the 
configuration of the installation side of a wafer is good also for the corner seen from the top face of wafer 
installation side 11a also as preparing curvature, as shown in drawing 8 (B). The corner section of wafer 
installation side 14a shows the case where, as for drawing 9 , 14b has the curved surface of three 
dimensions. 

[0054] Drawing 1 1 and drawing 12 show the example applied to the gestalt of the above-mentioned 
operation which lays the wafer 21 of drawing 3 (B) and drawing 4 (B) in a susceptor 3 1 , respectively. 
Instead of making the installation side of a susceptor into the inclined plane according to bending of a wafer, 
it considers as the susceptor in which the corner of installation side 31a has predetermined radius of 
curvature, for example, the radius of curvature of 0.6mm or more. It becomes cancelable [ faults, such as a 
slip resulting from the temperature gradient by control of slip generating resulting from the comer of an 
installation side, and turbulence of a gas stream, and OSF generating, ] according to the gestalt of this 
operation as well as the gestalt of the above-mentioned implementation. 
[0055] 

[Effect of the Invention] As explained above, it becomes possible by using the boat of this invention to 
decrease generating of the slip which originates in bending of a wafer and a boat slot and is produced to a 
wafer compared with the case of the former which heat-treats by laying a wafer horizontally. Especially this 
is effective at elevated-temperature heat treatment of 1000 degrees C or more to which the yield stress of a 
wafer becomes small. 

[0056] Moreover, by the boat which uses the susceptor by which control of slip generating by the inclination 
or curved surface of an installation side of this invention and surroundings lump prevention of a gas stream 
were achieved, a surroundings lump of the gas near the wafer is also controlled farther, and OSF decreases 
and is desirable. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 





[Drawing 2 ^ 
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[Drawing 7] 




[Drawing 10] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 12] 
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[Drawing 14] 




[Drawing 16] 
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